A n appreciation of the normal swallowing process 1 and how it may be affected by neurological disease can inform the clinical diagnosis and management of patients who complain of swallowing problems or present with the nutritional and respiratory complications of failure of oral feeding (table 1) .
As the sphincter opens the resting pressure falls to zero. The change in pressure exerts a pull on the intra-oral bolus, a phenomenon referred to as hypopharyngeal suction. With the bolus entering the upper oesophagus the subsequent wave of peristalsis produced by apposition of the tongue base and posterior pharyngeal wall acts on the tail of the bolus, clearing the pharynx of any residue.
As the larynx moves up and forwards it exhibits a sphincteric action, and closes; this action is only manifest during swallowing. Closure is at the level of the true vocal cords, the false cords, the arytenoids, and the epiglottis. All of these internal muscles of the larynx are innervated by the Xth cranial nerve, and all but one by its recurrent laryngeal branch.
With the bolus despatched the structures passively return to their starting positions aided by contraction of the infra-hyoid muscles, including sternohyoid and sternothyroid (C1-3).
Thus the larynx is centre stage in swallowing. If it did not move the upper oesophageal sphincter would not open, and if it did not shut the bolus would always "go down the wrong way".
NORMAL FEEDING
For swallowing to be able to allow an individual to feed by mouth it has to integrate successfully with other functions, particularly respiration which is necessarily arrested during swallowing. This deglutition apnoea is centrally generated and is synchronous with, but not dependent on, laryngeal closure. Typically exhalation both precedes and follows the swallow, ensuring that bolus remnants in the pharynx are not actively inhaled. Successful feeding also requires effective coughing and intact upper airway reflexes, including retching, gagging, vomiting, and of course crude or reflex swallowing. Their effectiveness is dependent on good respiratory function, and when ineffective they are an important determinant of respiratory complications.
Broadening the view further, there are many potential problems which are common in neurological diseases and which are relevant to feeding. Vigilance, appetite, mood, pain, nausea, dry mouth, ill fitting dentures, availability of informed carers, visual problems (particularly neglect), food consistency, vertigo, and major depression are just some of the determinants of successful feeding in different clinical situations.
Such detailed knowledge about swallowing and feeding is rarely required in routine clinical practice, particularly at the diagnostic stage. However, when considering mechanisms of failure of oral feeding such knowledge can direct discussions with patients and therapists, inform requests for investigations, and prevent inappropriate interventions.
DIAGNOSIS
The diagnosis of an underlying condition is made using the traditional approach of history, examination, and investigation. An exhaustive discussion of this process is not necessary, but one or two points may merit special mention. While swallowing problems may be the only symptoms volunteered it is usually possible to elicit other relevant symptoms which, when combined with the temporal profile and examination, point the clinician in the right direction. Potentially there are one or two pitfalls if swallowing is the sole problem, as its repertoire of symptoms and signs is so limited and non-specific. Structural diseases, including malignancies in the floor of the mouth, goitres, huge osteophytes, tethering of the larynx after surgery (including tracheostomy insertion), post-irradiation changes in the pharynx and suprahyoid region, and malignancies in the region of the upper oesophageal sphincter may mimic neurological conditions and may not be obvious during routine endoscopy or nasendoscopy. The upper oesophageal sphincter is a region notoriously difficult to visualise in an awake subject, and rigid oesophagoscopy with the patient anaesthetised may be required if there is a strong suspicion of malignancy. Pain on swallowing is an unusual feature of neurological disease, and while there are exceptions (pain in the ascending pharyngeal branches of the external carotid in giant cell arteritis, primary and secondary glossopharyngeal neuralgia) and some curiosities (Eagle's syndrome caused by a prolonged styloid process, pterygoid hamulus bursitis), it is often a feature of malignancy or oesophageal motility problems (nutcracker oesophagus), both of which require careful review by appropriate specialists.
MECHANISMS OF FAILURE OF ORAL FEEDING
For illustrative purposes diseases with contrasting rates of progression and different mechanisms of swallowing and feeding dysfunction will now be described. I use the term failure of oral feeding to denote nutritional or respiratory complications occurring as a complication of changes in any of the processes involved in feeding, including crude swallowing.
Lateral and medial medullary syndrome
Infarction involving the medulla may be associated with severe bulbar problems, depending on the cranial nerve nuclei involved.
In lateral medullary syndrome ( fig 1) the infarct involves the nucleus ambiguus. These patients have a nuclear 10th nerve palsy. Ipsilaterally there is a palatal and pharyngeal palsy, but more importantly there is a laryngeal palsy. As well as being dysphonic because of the vocal cord palsy, the sphincteric action of the larynx is lost and entry of bolus into the larynx is likely, if not inevitable. This unhinges swallowing, both reflex (crude) and voluntary. Reflex and voluntary coughing is ineffective for the same reason. However, the deficits are not restricted to swallowing. Intra-oral sensory loss, vertigo, nausea, pain, and vomiting all militate against successful oral feeding until significant recovery has occurred. This contrasts with medial medullary syndrome (fig 2) where the unilateral 12th nerve palsy may cause impaired bolus preparation, but preserved laryngeal closure ensures airway protection during reflex and voluntary swallowing. In addition there is less nausea, vertigo, and vomiting and no intraoral sensory loss. These patients are usually able to feed by mouth at an early stage.
In both syndromes the neuronal circuitry of the external laryngeal muscles is essentially intact; the major difference is in the internal laryngeal muscles, unilateral denervation of which compromises all laryngeal functions.
Middle cerebral artery territory stroke
One of the important features of cerebral hemisphere infarction (fig 3) in relation to bulbar function is the preservation of the lower motor neurone circuitry of the pons and medulla. The larynx, palate, face, pharynx, and tongue are not denervated. What is disrupted is the fine supranuclear control of intra-oral bolus preparation, control, and propulsion.
The clinical situation may be dominated by problems with conscious level, trunk control, limb strength, visual function, vigilance, and cognitive deficits, but the preserved brain stem means that it is theoretically possible for crude swallows to occur and be harnessed to move boluses of suitable consistency from pharynx to oesophagus. Preservation of crude swallowing coupled with reorganisation of supranuclear control 3 may explain the relatively quick (usually within two weeks) recovery observed. 4 It may also explain the curious finding, given the complexity of the process as described above, that the loss of pharyngeal sensation has prognostic significance after hemisphere stroke. 5 This may be because the ability to cooperate successfully with testing of pharyngeal sensation depends on the integrity of the medulla and an adequate level of consciousness, two of the most important components of successful oral feeding. Come back you gag reflex testers, all may be forgiven.
Motor neurone disease (MND/ALS)
The variable upper and lower motor neurone (UMN and LMN) involvement in motor neurone disease (MND/ALS) means that the exact mechanism of bulbar dysfunction varies greatly between individuals, and changes with progression of the disease.
In pure upper motor neurone syndromes there is a loss of fine control of the bulbar structures at an early stage causing dysarthria and impaired bolus control. Often patients have exaggerated bulbar reflexes (palatal, pharyngeal, crude swallowing, and masseter), and (crude) swallowing of soft or pureed food is possible even when the patient has no voluntary control of the tongue or face.
An additional factor which allows patients with UMN involvement to continue feeding, despite loss of voluntary control of respiration, is the integrity of the cough reflex; patients may not be able to hold their breath or perform spirometry to command, but in response to laryngeal irritation or aspiration produce very powerful and dramatic coughing.
This reserve of function in UMN bulbar syndromes, which may go unnoticed during the traditional neurological examination, contrasts with lower motor neurone syndromes in which "what you see is what you get". The observed dysfunction in bulbar and respiratory function is the same when used voluntarily by the patient or as part of crude protective responses, and measurements of forced vital capacity are likely to be more representative than in UMN syndromes. This dissociation of voluntary and reflex function makes it difficult to interpret the results of studies using indices of (voluntary) bulbar and respiratory function to select patients for inclusion into trials, and as indices of treatment effect. The patient with predominantly upper motor neurone involvement might not be able to perform a forced vital capacity manoeuvre or do a timed test of swallowing to command, but the preservation of airway protective reflexes, including crude swallowing, may allow them to survive much longer than those who are able to cooperate with testing.
Occasionally the loss of supranuclear inhibition causes troublesome gagging-for example, during teeth cleaning and feeding. The glottopharyngeal reflex, in health, makes the vocal cords partly adduct in response to stimulation in the pharynx, as if in readiness for laryngeal closure. An exaggerated version may be responsible for some of the dramatic coughing and choking episodes seen in MND patients in response to apparently trivial stimuli.
Multisystem atrophy
The backdrop of parkinsonism will have predictable effects on the speed and amplitude of movement of the face, jaw, and tongue. Reduced hyolaryngeal elevation will affect the opening of the upper oesophageal sphincter. If anticholinergic drugs are used the resultant dry mouth may be troublesome and oesophageal motility may be adversely sensitive to anticholinergic medication in parkinsonian syndromes. In addition to this patients may develop oromandibular and cervical dystonias, including a disproportionate antecollis, each of which further compromises bolus control.
If laryngeal dysfunction is a prominent feature (Shy Drager syndrome) it can be highly selective, at least initially, for the abductors of the vocal cords. However, the sphincteric action of the larynx during swallowing is relatively preserved. For this reason multisystem atrophy patients may require a tracheostomy, to secure the airway, but feed successfully by mouth. The insertion of a tracheostomy may reduce hyolaryngeal movement further, but in practice this does not appear to be a problem.
Oculopharyngeal muscular dystrophy
This condition is characterised by profound and selective weakness without any central or peripheral cranial nerve involvement. The preservation of upper motor neurone control means that, strength permitting, the bolus can be prepared with reasonable precision and initiation of bolus propulsion is under voluntary control.
As a group these patients have, in the past, tended to be treated by cricopharyngeal myotomy. The evidence for this intervention having a beneficial effect is unconvincing. 6 This may be because the radiological observation of supposed "spasm" may be due to weak suprahyoid muscles failing to pull the sphincter open rather than there being true spasm itself. It is counterintuitive to think of a muscle being in "spasm" in a condition characterised by flaccidity and weakness. The same reservations may be expressed about cricopharyngeal myotomy in MND/ALS where the feeding problem is the result of many abnormalities, not just those causing impaired opening of the upper oesophageal sphincter.
MANAGEMENT
In the absence of prospective randomised trials a pragmatic approach is required. It is acknowledged in stroke that there is a dearth of randomised trials looking at the management of swallowing and feeding problems. 7 In slowly progressive neurological diseases, significant weight loss, chest infections or the development of slow, unenjoyable, and effortful oral feeding are indications for adjunctive feeding. In practice such clinical features seem to have a greater validity than any surrogate measures. Studies in stroke suggest that gastrostomy insertion provides the easiest and most effective feeding route. 8 The timing of insertion in patients with a progressive disease is difficult. It may be interpreted by the patient only as a sign of the end stages of the disease rather than a device which may enhance quality of life. If the patient faces inevitable bulbar failure and accompanying deficits, particularly respiratory, earlier rather than later PEG (percutaneous endoscopic gastrostomy) insertion must be preferable, providing that this is compatible with the person's wishes. Patients may find that a limited oral intake remains enjoyable even when they do not depend on it to maintain nutrition.
Following acute events, such as stroke, the clinical approach has to be more tentative, and an appreciation of the multifactorial nature of failure of oral feeding suggests that single surrogate clinical or radiological indices are unlikely to be useful predictors of feeding ability in different patient groups with different stroke syndromes. Videofluoroscopy is considered to be a gold standard in the assessment of swallowing dysfunction. 9 The anatomical detail and the immediacy of the sight of the bolus in transit produces an arresting image. Abnormalities vividly demonstrated by videofluoroscopy include: c premature escape of the bolus from the mouth c impaired oral control c impaired opening of the upper oesophageal sphincter c aspiration into the larynx.
Less clear is whether or not the images, and the large amount of data that can be extracted from them, provide the answers to important clinical questions regarding the appropriateness and safety of oral feeding. In most guidelines the presence of an adequate conscious level and the ability to sit up is taken as a sign that patients are eligible to commence trials of oral feeding with small amounts of an appropriate consistency. Their feeding ability is then established over a representative time period using foods of an appropriate texture introduced in a controlled manner.
